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Recently, the application range of plastic gears is widely expanding by the development of
engineering plastics with good mechanical properties. Plastic gears have excellent performances
such as light weight, water resistance and vibration absorbing ability for metallic gears. In this
study, the optimization of injection molding process was done for the large disk type plastic gears
of auto phoropter. Design Of Experiment (Taguchi method) was adopted fo find a tendency of
molding conditions that influence the flatness of disk type gear. Four main factors for molding
conditions were selected based on injection temperature, filling time, packing pressure and mold
temperature. Also, Filling, packing and cooling analyses were carried out to evaluate Z directional
deflection of large disk type gear by using the simulation software( Moldflow) based on the DOE.
From the results, it was found that the injection temperature and packing pressure are the most
sensitive parameters for the Z directional deflection of large disk type gears .
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(a) Photograph of conventional auto phoropter system

Main
disk gears
(#1~#6)

Motor #1

Motor #2
Motor #3

Motor #4

Sub gears

(b) Mechanical configuration of auto phoropter
Fig. 1 System configuration of auto phoropter

Main disk gears(#1.2)

Fig. 2 Configuration of main disk gears
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Table 1 Specification of disk gear(#3,#4)

Number of teeth 240

Module 0.45mm
Pitch diameter 108mm
Material PC + GF30%

Fig. 3 Schematic drawing of main disk gear(#3,#4)
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Fig. 4 Elements for FEM analysis
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Table 2 Main variables and levels for D.O.E

Table 3 Orthogonal array for Taguchi DOE and results

Level
Main variables Unit
1 2 3

Injection temp. (A) 300 | 320 | 340 | T

Filling time (B) 0.5 1 1.5 sec

Packing pressure (C) 10 13 16 MPa

Mold temp. (D) 80 | 95 | 110 T
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Case# | A B C D Z-directional
Deflection (mm)
I L1 |1 ]1 0.253
2 L1 ]2 ]2 0212
3 1113 ]3 0.191
4 L |21 ]2 0.285
> L] 2]2]3 0.231
6 1] 213 ]1 0.205
7131 ]3 0.302
8 1|3 ]2 1 0.252
2 13 /3 2 0.220
L O U O S 0.208
21172 1 0.178
2 [ 2|1 ]3]2 0.163
B3 2 ]2 11 0.231
4 |2 22 2 0.194
15 | 2.2 33 0.181
6 2 3 |1 ]2 0.247
17 | 213123 0.210
8 |23 /3|1 0.187
L O U O O 0.178
20 | 3t 23 0.164
21 |3 |1 13 ]1 0.141
2 |3 ]2 13 0.195
23 |3 ]2 2|1 0.167
24 |3 123 ]2 0.154
5 |3 3 1|1 0.220
26 |3 13122 0.180
27 | 313133 0.166

Table 4 Analysis of variance(ANOVA)

Factor DF sz MS F value
A 2 34.1481 | 49.1288 | 505.5991
B 2 8.6722 12.4040 | 128.4009
C 2 25.8000 | 37.0945 | 381.9957
D 2 0.0448 -0.0328 0.6632

AxB 4 0.0743 -0.0877 0.5497
AxC 4 0.2618 0.1827 1.9384
BxC 4 0.1661 0.0447 1.2296
Error 6 0.2026 1.2657

Total 26 69.3699
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Fig. 5 Signal to noise ratio for Z-dir. deflection
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Fig. 6 Predicted Z-dir. deflection at A3B1C3D1 condition
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Fig. 8 Photograph of experimental mold

(a) Optical measurement system

{b) Measured Z-dir. deflection
Fig. 9 Measuring flatness of disk gear(#3, #4)

Main disk gear(#5) Main disk gear(#6)

Fig. 10 Developed main disk gears for auto phoropter
system
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